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UBTRUMEMTATICON  K5R  DIGITAL  SONAR  DATA  PROCESSIIO  | 

by  j 

Ca  F,  Althouse,  A,  J.  fibpkizis  | 

i 

! 

(This  msOBorAx^ua  has  been  prepsjred  because  the  Information  heroin  * 

Is  believed  to  be  useful  In  this  form  to  others  In  BBL  to  a few 
persons  or  activities  outside  of  NKL. } Thie  msoorandua  should  not  be 
construed  as  a report  as  Its  onjij  function  Is  to  present  for  the 
information  of  others  a email  portion  of  the  work  done  on  the  associated 
problem. 
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IIIS2SUMEHTATT0N  FOR  DIGITAL  SOHAR  DATA  PSOCBSSIHG 


"TLi  Purpose^ is  to  outllns  « broad  and  flexible  prograa  to  meohanlxe  and  prO' 
ceas  BODBT  date  using  digital  techniques.  The  aethods  viU  be  elementary 
but  capable  of  expaaelon.  They  shall  be  acoa!q)Ilshed  by  oaaoercially 
available  digital  computer  consonants.  There  shall  be  the  very  ilnlmaBi  of 
engineering  required  of  a specific  coasonent  nature;  rather,  the  taaka  will 
Involve  the  fitting  togetKer  of  the  eleoents  as  purchased.  , 


A very  elsmentaxr  application  upon  vhioh  to  oommenoe  is  the  enohanoMsat 
of  data  of  a scanning  sonar  through  integration.  Various  storage  elements 
have  been  easlo7^  the  past  to  atteiqpt  to  achieve  this  end.  fiowever, 
they  have  generally  been  severely  restricted  in  the  range  of  integration. 


In  effect,  the  data  la  broken  up  into  Increments  which  are  determinable 
from  the 'physical  constants  of  the  equipment.  For  axqr  application  of  slgni- 
floanoe  over  a broad  area,  it  is  easy  to  see  that  the  number  of  such  InorMaente 
will  be  in  the  thousands.  Therefore,  a device  such  as  a cathode  my  tube  has 
been  utilised  extensively  for  such  applications.  The  major  restrictions  upon 
its  utility  have  been  the  range  and  rate  of  integration  it  is  capable  of. 


The  next  major  ia^rovement  appeaxm  to  bo  a storage  tube  of  which  several 
are  undergoing  study  or  test  for  applicability.  These  will  be  significant, 
but  will  still  lack  the  inherent  demand  that  an  ultimate  cooverslon  to 
znmerios  is  eventually  required  in  order  to  process  the  data  by  automatic 
digital  computers.  When  this  stage  is  reached,  it  is  conceivable  to  commence 
the  employment  of  more  sc^hlsticated  methods  of  statistical  analysis. 


It  is  not  the  purpose  of  the  proposed  work  to  become  Involved  in  the  pro** 
blems  of  the  finer  grain  analysis  phase;  rather,  it  is  to  convert  to  namerics 
and  study  the  feasibility  of  going  further.  An  assessment  of  results  after 
the  initial  phase  should  be  revealing. 


The  first  task  will  entail  the  use  of  a CDVM  sonar.  The  data  is  resolved 
in  a set  of  frequency  analyzers  which  normally  are  scanned  and  the  output 
displayed  on  a cathode  ray  tube.  There  will  be  no  modification  of  this 
operation.  A separate  parallel  scan  will  be  made  of  the  analyzer  filter 
elements  and  converted  to  a digital  value  and  thence  processed  and  displayed 
independently. 


The  basic  element  about  which  this  instrumentation  is  to  be  centered  is 
a commercial  magnatlc  core  memory  unit.  This  unit  has  available  10%  words 
in  a serial  manner.  Bach  word  la  coiqpoaed  of  eight  parallel  digits.  The 
entire  unit  is  self-contained  including  power  stq;>ply  and  is  21  x 23  x Ik  inches 
in  size.  It  is  coD^ lately  transistorized  and  reprseente  a fairly  :^'stable'' 
point  in  design  technology.  In  other  words,  until  new  film  type  memoty 
elements  are  commercially  practical,  these  core  units  will  be  in  quantity  use. 
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Fusotional2y,  the  cora  unit  iivsaiozy  would  allow  digital  design  teohnlquee  to 
be  emplograd  iamsdiatalj.  The  form  factor  of  such  tachnlquea  as  amplojed  in 
tha  future  may  differ  coasidjarablj.  Site  will  be  greatly  reduced.  Speed 
of  operation  miy  be  improved  cauiderably.  However,  frcm  an  engineering 
point  of  view  the  pziaaent  epeed  of  SO  jnicroseconds  per  vori.  cycle  offers 
enough  range  to  mates  soma  progrees  in  techniques  possible.  Sven  the  present 
size  of  the  memory  ie  con^atible  with  present  equipment  and  methods. 

With  this  particular  core  msaary,  it  is  possible  to  integrate  over  a 
range  of  0 to  2^  with  1092  separate  and  individual  integrators  available  in 
21.^  milliseconds.  This  is  many  times  faster  than  necessary  In  a scanning 
sonar  application,  so  extensive  oonq>utation  and  comparing  could  be  achieved 
in  a practical  application.  Por  example,  if  the  sonar  had  a projector- 
hydrophone  beaamidth  of  3 degrees  and  if  the  range  were  broken  up  into  ^ 
or  less  increments,  a ssotor  of  63  dsgress  could  be  covered  with  this  unit. 
Thers  would  be  no  changes  in  the  present  analysis  equipment  or  sonar  operat- 
ing paraateters. 

The  use  of  the  1092  Integrators  on  the  63  degree  sector  would  serve  as  s 
basis  for  s technique  trial  over  a large  enough  area  to  be  of  slgnif loanee. 

An  infinite  range  of  "persistence"  characteristics  can  be  achieved.  Par 
exaaq>le,  in  operation,  the  ao^litude  of  the  signal  la  saaqjled  and  converted 
to  blziaxy  dlglta  at  each  of  the  ^ range  inoreaieDts  in  a prograosMd  sequence 
until  the  twenty  one  3 degree  beams  have  been  scanned.  This  infomation  can 
be  stored  or  added  to  indefinitely,  perhaps  so  long  that  all  of  the  integratotrs 
become  full.  However,  a number  which  can  be  of  any  value  up  to  2^  can  be 
subti-aoted  from  each  of  the  integrators  which  would  serve  to  give  s controlled 
numeric  decay  characteristic.  With  some  ooiq>lioatioin  of  equipment,  each 
Indisldual  integrator  could  he  made  accessible  for  reduction  in  value  without 
disturbing  any  of  the  others  giving  a ealsotive  erasurw  characteristic. 

This  digital  approach  leads  to  autcarnttio  detsetien  which  is  extremely 
easy  to  instrument.  A certain  preaselgoad  number  can  be  set  and  ooapared  with 
the  1092  Integratars,  and  the  most  elementary  warning  device  employed  to  sense 
the  exceeding  at  this  number. 

The  range  of  the  integrators  and  the  ease  of  sequenclxig  allows  much  freedom 
so  that  a program  centered  largely  upon  the  experimental  rather  t.hMn  open  the 
theoretical  approach  can  bo  taken.  Purtheznore,  the  problem  of  such  data 
reduction  is  not  without  theoretical  support  in  the  field  of  radar.  Mich  of 
this  high  speed  data  can  be  extrapolated  in  terns  of  slower  sonar  constants. 
This  proposed  instrumentation  would  allow  the  similar  techniques  to  be  applied 
to  sonar  with  the  same  philosophy  but  with  immensely  simplified  instrumentation 
duo  both  to  reduced  speed  and  advanced  technology. 
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The  basic  core  asmory  unit  would  cost  $19,000.  A high-speed 
to  digital  converter  and  arithmetic  units  would  cost  about  $8,000.  Thus,  a 
minimum  expenditure  of  $27,000  would  be  required  to  enable  a starting  point  to 
be  reached  which  would  take  advantage  of  years  of  ressaroh  awA  developmsnt  in 
the  digital  co^tuter  field  In  instrumentation.  The  timing  is  oppoertune,  for 
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a point  appoara  to  have  been  roaohod  vhe^  the  fvinotional  use  of  auoh 
instronantatlon  vill  be  vide  spread  in  industrial  elaotiranics  enabling 
future  operational  device  development  to  utilize  farther  advanoes  in  'the 
optlMiB  Banner. 

The  Mgoetlo  aoBocy  unit  vill  store  1092  vorda  of  6 parallel  bits  eaoh. 

This  there  are  6 leagnetio  core  natrlz  planea  of  1092  cores  eaoh.  The 

planes  are  39  bjr  28  elements  each.  The  read>ln  and  read-out  gating  is  all 
ulthln  the  unit}  it  is  ani^  neoeasary  to  provide  load  and  unload 
slgMla  vhloh  are  2 mioroaecond  pulses. 

The  ii^ute  to  the  oagnetlo  cores  are  on  8 parallel  vires,  one  for  eaoh 
matrix.  Digitalized  signal  infomatiou  is  fed  to  these  8 inputs  siBultaneouely 
from  on  to  digital  converter  aikd  8 flip  flops.  This  is  shown  on  the 

block  diagram  of  the  aurlllaxy  instrumentation  in  figure  1. 

The  outputs  of  the  loagnetlo  cores  aire  also  on  8 parallel  wires  and  need  a 
Busnlng  network  for  read-out,  8 reinsertion  flip  flops,  and  suitable  ^tes 
and  adding  ciroults  to  cooplete  the  unit  for  the  proposed  method  of  signal 
processing. 

The  additional  olroultzy  is  ooamerioally  available  and  will  be  purchased 
in  a paokage. 

The  PM  analyzer  filters  will  be  sesq^led,  but  the  outputs  will  be  treated 
in  the  following  Banner.  The  output  of  each  ohaxmel  will  be  rectified  and 
fed  to  a oapaoitor,  the  obarge  on  this  oapaoitor  will  be  read-out  and  then 
the  oapaoitor  will  be  dlsoharged  to  prepazm  it  for  the  next  eaaple.  • 

The  oharaoterietioa  of  the  aoBory  xmlt  proposed  regolrea  timing  oyole  of 
at  least  20  fx  seconds  between  loadings,  or  read-in,  with  alternate  unloadlnga, 
or  read-out,  10  fX  uooon&a  after  jread-ln. 

The  20  a second  analyzer  eaiple  will  be  fed  into  an  analog  to  digital 
oonvertsr.  'This  devloe  will  take  the  pulses  from  the  snslyter  and  ooovsrt 
them  to  digital  Infomatlon  proportional  to  their  a^^litude.  A ooHMroially 
available  unit  is  planned  for  this  funotlon. 

This  output  on  6 parallel  virea  from  the  8 liqtut  flip  flops  is  oonoeoted 
through  8 "adders”,  with  the  reinsert  information,  to  the  ix^ut  of  the  storage 
unit.  The  outputa  of  the  atoraga  unit,  also  on  8 parallel  virea,  are 
ootmeoted  through  a ouitabls  aumalng  network  to  the  read-out  arotem,  FPI, 
recorder,  etc. 

The  storage  outputs  are  also  oonneoted  to  6 more  flip  flops  whose  outputa 
axm  fed  into  the  aforemsationed  'Wders"  and  thenoe  to  the  storage  unit.  Thus 
a signal,  if  it  haa  appeared  onoe,  will  be  read-out  and  reinoerted  into  the 
menozy  indefinitely.  All  of  the  flip  flops  are  cleared  with  a reaat  pulse 
after  eaoh  saBqple.  The  "adders”  add  the  new  digital  poles  Imfosmatlon  from 
the  iiq;>ttt  flip  flops  to  the  old  information,  if  any,  trca  the  msmosy  output  and 
reinserts  it  at  the  old  or  new  levels. 
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If  this  proc988  vara  to  contlrma  lodsflnltoljr,  ths  tamarj  vould  soon  fill 
up,  unlsas  olssrad.  To  prevont  this,  « fissd  tauTunt  of  signal  anjr  bs 
oontlnuallj  subtraotad  fron  tbs  amount  In  tha  storago  unit  so  that  non- 
rapatltlTe  signals  vlll  die  out.  A subtract  pulse  Is  conasotsd  through  an 
"and”  gats  vlth  tha  lTq;>ut  to  the  storags  and  than  a aanaal  svltoh  to  an  ”ar” 
gate  with  tha  clear  pulse  to  the  storage  output  flip  flops. 

Operatloa  of  "Mdar*  Clrouits 

The  outputs  of  the  oxmilog  voltage  to  digits  convertor  flip  flops  are 
strlotlf  blnaz7  "jnas*  or  InfoxBation. 


Tha  output  of  tha  ralnsertlon  flip  flops  is  slso  bloarj.  Whether  or  not 
these  operate  depends  on  tha  Inforoatlon  In  the  nemoxT*  These  outputs  are 
added  In  a one  digit  adder  mtrlz. 


The  first  adder  haa  four  lxq>uts  and  tvo  outputs.  .Ita^  Inputs  am  designatsd 
A and  X,  B and  S,  ..The  unit  Is  arranged  so  that  A * S « A * B produoe  a sum 
pulse  whloh  is  fed  to  the  storage  unit.  A • B produces  a "carry"  pulss  which 
is  eosnsotsd  to  ths  next  adder.  This  unit  end  the  6 foUovlag  it  will  have  ? 
Inputs,  designated  A,  A,  B,  F,  azid  C.  t is  gensrated  Intamally.  The  unit  is 
so  anrangsd  that  a sum  pulse  Is  produced  If  ths  following  pulses  are  prseent, 
ABS,  XbC,  XBc  and  ABC.  A carry  pxilss  occurs  If  AB,  BC  or  AC  Is  prssant. 


By  this  Bsthod,  if  a signal  keeps  repeating,  it  is  gradually  moved  tq? 
through  the  register  increasing  the  probability  of  it  being  a true  target 

THDTH  TABU  JOB  ADDJB  lOQIC 
AX  B B C tr  ^(A*B)«0  C*  GABBT 


normoBi 


300 VO 


MsoIutiCHa  of  9 yards  rssults,  vlth  a aoan  rangs  of  yards.  Klthor  of 
these  TalusB  appear  to  be  a roasonable  nuxaber  for  oosasldaratloi.. 

If  30  of  the  3fi  aTailabls  chaaBsls  are  used  and  alloaed  to  fill  the  ■aaory 
over  a 63  degree  seotor,  then 

->  21  beasa,  eaoh  of  3 degrees 
52 

can  be  proosssed.  Also  the  eoan  rate  of  6 rpa  or  360  degrees  In  10  seoonds 
or  36  degrees  per  eeoond  neaas  an  integration  Interval  of  l/l2  seooad  Is  the 
■arltia  tolerable  at  this  speed,  slnoe  it  takes  that  length  of  tine  to 
aeohaaloally  position  the  bean  one  beaavidth.  If  the  labegration  tine  is 
longer,  the  responee  will  not  be  full  aoplitude.  For  a 30  ohaanel  ^yetMi 
vorkiag  on  a 1300  oyole  band,  the  hax^pass  la  30  circles  per  ohannel  for  a 
balUap  tine  of  I/30  second  vhioh  is  within  ths  Unit. 

Thm  data  presented  to  the  core  neaiory  will  be  81  sequential  bean  widths  or 
a 63  degree  eeotor.  The  output  of  each  filter  cbazmel  will  be  reotifled,  and 
deteoted* 


BC  8-1/30  second 

This  output  shall  be  aade  avallablb  to  a sequential  swltoh  whioh  oonbiaas  tha 
30  ludlvidnal  respeatses*  If  the  buildup  tine  is  1/2O  second  and  the  decay  tine 
equal,  the  total  filter  response  tlae  is  I/13  seoond  assualng  a oyole  of  oyole 
dynaalo  response  filter  obaraoteristio. 

One  fundamental  variation  from  oonventlonal  teofaniques  of  fTequenoy 
analysere  aa  used  in  FM  oonar  will  be  used.  Ths  data  to  be  presented  to  the 
oors  laamarj  will  be  discretely  "cospartnentallsed'*.  This  neana  thsre  will  be 
capacitor  integration  but  the  charging  oapaoltor  will  be  "oleared”  ISBediately 
after  it  has  been  saapled.  In  effect,  this  opsration  will  be  an  Integrator  in 
the  etrlot  sense,  and  it  is  this  output  that  gets  a nunarioal  valus 
to  it.  Therefore,  oare  should  be  taken  in  tbe  design  of  this  doaponent. 
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An  exu^la  of  tha  Intssratov  sr-’itchsr  laaiy  apponr  aa  foUowat 


(HOLD-OFF  BIAS) 


Saoh  of  thd  amlTzar  filters  would  provide  an  Input  to  the  switoh»  The  output 
would  1»e  reotifled  and  Integrated  bj  the  integrating  capacitors.  The 
cap8.citor  would  be  saispled  sequentially  by  the  pulses  froa  the  vatrlx.  The 
diode  Dll  in  the  analyzer  signal  lead  is  merely  a half  wave  rectifier;  the 
' other  diode,  capacitor,  and  resistor,  Dgi,  C21,  and  Rgi  serve  as  a clasp  and 

sandier.  A positive  bias  voltage  ezoeeding  the  oaxlouni  integrated  voltage 
dlsoanneots  the  diodes  ^20  the  operation.  When  a negative  pulse  froai 
« the  matrix  overrides  the  bias,  a partloular  diode  will  oonduot.  This 

condnctlon  allows  the  Integrating  oapacltor  to  discharge  throu^  the  diode 
and  the  rssl  store  and  Bx,  the  oomon  load  resistor.  The  voltage  caused 
by  the  discharge  current  through  Bx,  is  the  desired  slgnsl.  It  la  desired 
to  keop  the  resistance  in  the  total  circuit  as  low  as  posslhla  to  allow  the 
captMltor  to  heooBw  disoharged  In  less  than  10  uloroseooBds.  The  diode 
resistance  can  he  mini  ml  zed  bf  use  of  a high  oonduotion  diode.  This  Isvliss 
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tlx#  use  of  u loM  la^eAaac©  switching  voltage  froo  the  mtrix  end  • lot»  value 
for  Bo2«  a guess  on  Ei  would  he  1000  ohcie  with  Rpj  ^70  •od  alitost  any 
gananlua  dlode»  This  would  give  a discharge  reBletanoe  of  about  2000  dias. 
If  t - BC  ie  to  be  10“5,  then 

C a 19^  or  C s 0.005  fif 


Such  a value  of  capacitance  is  relatively  easy  to  get  in  stable  values  and 
low  leakage. 

The  voltage  across  is  to  be  oonverted  and  applied  to  the  nenory.  An 
analogue  ”to-digltal  voltage  contrerter  is  required.  The  digital  ontput  nust 
be  in  parallel.  The  conversion  suet  take  plaoe  in  ooosiderably  leas  than 
20  alcrosaocBds.  The  input  is  very  likely  to  appear  as: 


|< ZOfuS  — >■( 20/iS ^^20/uS— ^ 


Aboub  3A  ot  the  period  la  useful  or  15  /u  s.  A converter  can  "slice" 
the  above  to  provide. 
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An  analogoe-to-^lgital  oosverter  voold  essentially  prooesa  the  above 
Inforwatlon  by  the  operation  of  a digital  storage  register,  a digitaloto- 
voltage  conversion  network;,  a pulse  ooBqxarator,  and  a prograosing  unit.  The 
proeprosming  oausea  a series  of  deoisioos  involving  euooessive  apprcociiaatlaQs, 

' and  is  aotuated  ty  * trigger  pulse. 

The  output  of  the  el^t  flip  flops  would  he  further  gated  through  the 
^ ayilhiBetio  structure  to  the  core  maorj  and  reset.  This  oould  ooqxlete  the 

initial  phase  of  prooeesing  of  data  to  preaaat  it  to  the  numavj. 

The  matrix  s^xitohlng  pulses  to  the  analyser  integration  oapaolton  will 
be  provided  every  l/l2  seoond,  or  the  tine  interval  required  for  the  bean  to 
soar  three  degrees.  The  prograoaing  sequence  will  be  1092,  20  seoond  pulses 
ooourring  eveoy  l/l2  seoaod. 


Programtiilag 

Only  ol©Bent*ry  progricsiaing  iastrumautmtioa  will  bs  ocnBldsrad  initially. 
It  Is  conooiVRble  to  aoaa  the  1092  integritorB  and  read  their  outputs  durlaB 
the  non-writing  interrala,  Bov;ever,  this  typo  of  prograaaiag  will  eohanoe  the 
display,  but  not  add  to  the  dati'.  or  ii^rove  the  procoaelng.  Thoreforo,  this 
phase  will  be  carried  out  at  a later  tisae. 

The  basic  clock  period  source  will  be  ^ kc  (ncatloal)  square  wave.  Bile 
will  slave,  if  neceesaxy,  to  the  synchronous  scan.  A block  dlagra*  of  the 
basic  divider  chain  is  ehovn: 


REFERENCE 


Bequ-lrel  are  Si  groups  of  52,  20  Biorosecond  spaoed  pulses.  This  will 
allow  a Baurlnttur  of  52  analyeer  channeJs,  of  which  50  are  planned  tc  be  usedc 
The  21  groups  will  be  used  to  represent  the  data  in  each  of  21,  3 degree 
boane.  The  Boau.  rate  Is  36  degrees  per  aecond.  The  21  beanridths  should 
be  filled  In  1.75  seconds. 

The  50  kc  frequency  control  signal  will  be  divided  by  2^  or  k096  to  12  ops. 
The  50  loc  Is  a ncalnal  value,  for  it  actually  is  very  slightly  lover,  aiaklng 
‘ the  pulse  periods  slightly  greater  than  20  Blcrosecoods.  The  12  ops  pulses 

are  counted  and  passed  up  to  21  in  number.  This  action  la  oyoled  every  10 
seconds  by  a 120  to  I divider.  Each  time  a 12  cycle  pulse  Is  passed,  it  gates 
^ a group  of  52,  20  pulses  to  the  core  Beaozy. 

The  output  pulses  represent  the  reference  or  unload  pulses  to  the  core 
iBsaory.  The  other  pulses  operating  the  unit  shall  be  derived  from  them.  The 
time  relatiansbips  of  the  other  puleea  to  the  refermce  or  onload  ptilse  appear 
as  follows: 


9 


UNLOAD 


LOAD f~[ 


SUBTRACT 

n 

n _ 

I CLEAR 

__n 

ri 

_ _ _ 1 _ L 1 1 1 i .1 i 

0 

to 

20 

30 

40 

TbB  «bov«  thr99  puleee  will  "ba  derived  froa  tbs  unload  pules  by  maao  of 

dslay  ■oltlTl'toBtora. 

Th*  eoauaing  will  have  to  bs  precissiy  regulated  In  cpeed  to  acbisre  tbs 
degree  of  congruence  of  tbe  euccsaaive  crveriylng  frasaea  of  data,  For 
m reason^  It  isoy  be  necessary  eventually  to  slave  a frequency  control  loop 
between  tbe  eoannlng  transducer  and  tbe  50  tc  oscillator.  Bivorer,  tbis  is  to 
be  regarded  as  a second,  pbase  Inveatigation  effort. 

5i2PiM: 

pptiBua  use  of  the  tactical  display  faatus'ae  will  not  be  incorporated 
Into  th#  Initial  Instruiaentation.  There  are  sever?  1 reasons  for  not  rer’ilng 
sore  effective  use  of  the  capability  at  this  tiiae,  but  the  prlsjary  one  is 
of  ooiq>lloatlcHi  of  the  instruaentationc  It  is  not  roasonabi®  with  the  effort 
planned  to  utilise  the  full  capability.  Purtheriiior®,  the  effect  nay  not  be 
realist lo  in  a general  case.  By  this,  it  is  saaant  thf.t  only  a 63  degree 
sector  will  be  processed.  The  principle  enbansement  of  the  display  couM  be 
aada  principally  by  utllielng  the  "dead"  tisa  botvesa  repetitions  of  the 
scanning  of  this  63  degrea  sector. 

The  el^t  output  loads  of  tbe  cox’©  Eeaory  are  ueightsd  in  a binary  Esaimsy, 
A parallel  binary  voltage -to~analogue  converter  tun  be  SjastmaBentad.,  For  the 
required  accuracy,  1 part  In  256,  a vaoui3i  tube  cathode  follower  suuiefclon 
circuit  osa  be  used.  This  output,  nov/  in  aerial  fora,  can  be  dleplRyed  in 
several  ways,  Th©  aost  expeditious  will  bo  to  usa  the  Esoaotr-on  oocllloacope 
and  establish  21  traces  in  a ’'B"  scan  Eann©.^’.  Instecd  of  intensity  Kodulntlon, 
ai^lltudo  or  A scan  data  can  be  interposed  on  each  of  the  traces  producing  s 
display  appsaring  as  follove; 


20 


J 


It  iB  also  planned  to  aialca  oocip^risonfl  of  date  prooasBed  ttj  the  Intsgretor* 
UBlng  ocavvsntlonel  PPI  diaplaye. 

It  ie  also  posvsitle  at  the  dJ^ltal-to  azuilogue  conroxtar  to  introduce 
rather  slaply  a fl-?ed.  nuaher  so  that  onij  values  greater  than  it  vill  be 
passed  to  the  display.  This  aifjht  bo  done  in  a iatet’  phase  of  inveetigation. 
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